ABSTRACT. The aim of this study was to investigate the influence of key parameters (donor parity, milk production, post-parturient day, season and milk recording data) associated with efficiency of embryo recovery (ER) in Holstein cattle. Elite Holstein cows and heifers were selected for ER, while Holstein heifers were used as recipients. The numbers of transferable embryos (TEs) produced were not significantly different when analyzed in terms of donor parity, milk production, postparturient day and season. However, the numbers of TEs were significantly increased when the milk protein (%; P)/fat (%; F) ratio was over 0.95 and/or the milk urea nitrogen (MUN) was between 12 and 18 dl/ml. The results from ET showed no differences in pregnancy rates among Holstein heifers receiving other types, developmental stage codes and quality grades of embryos. The mean interval from ER to artificial insemination was 60.6 days. Moreover, 19 offspring that had milk recording data showed a similar milk yield performance to that of the donor cows. In conclusion, this study showed that in Holstein cows, embryos were recovered and transferred and resulted in production of viable calves. Furthermore, P/F ratio and MUN could be candidate indicators for selection of high-efficiency donor cows.
Since the first calves were produced using embryo transfer (ET) in cattle [36] , this technology has been adopted by many countries, with an estimated half-million cattle embryos being transferred annually [33] . Most of the embryos used for ET are collected from superovulated cows [32] , a process that is called multiple ovulation and embryo transfer (MOET).
The whole process of MOET, consisting of donor selection, superovulation, AI, embryo recovery (ER) and embryo transfer (or cryopreservation), has been considered a valuable tool for accelerating genetic improvement in cattle within short periods [11] . In order to successfully perform MOET, selection of donor cows for multiple ovulations by hormone treatment including gonadotropins is the highest priority. Thus, many research studies have focused on inducing additional ovulations in cattle, and during the past half-century, this has been a major consideration in development of commercially acceptable ET technology. Many reports have identified important factors affecting superovulation response in donor cattle: 1) breed and individuals [9] , 2) gonadotropins [20, 24, 26] , 3) season and temperature [3, 28] and 4) age and nutrition [1, 22] .
Recently, the most frequently reported average number of embryos recovered from multiple ovulations is between four and seven [13] . However, superovulatory response of donor animals is variable and unpredictable [18, 35] . It is generally accepted that the observed variation stems more from genetic variation among individual females than factors such as the specific gonadotropin used or the breed of cattle [13] . Even so, obtaining more embryos would enable us to increase the chances for successful ET. Hence, some studies were aimed at revealing the criteria identifying which donor cows would be more responsive to superovulation, resulting in obtaining more embryos for transfer [16, 19, 29] . However, there are few reports regarding this issue in dairy cows in Korea.
Accordingly, the objectives of this study were to investigate the influence of parameters (donor parity, milk production, postparturient day, season and milk recording data) associated with efficiency of ER in domestic Holstein cattle. These results could assist donor selection for efficient MOET in domestic Holstein cattle.
MATERIALS AND METHODS

Animals and embryo recovery:
The field trial was set up in close cooperation with the ET team of the Seoul dairy cooperative. All ERs were performed between January 2005 and June 2009 by the same experienced veterinary surgeon. Lactating Holstein cows (n=214) and nonlactating Holstein heifers (n=28), belonging to privately owned herds (n=113), underwent 284 ER procedures, which were identical for all sessions. In brief, animals were treated with an intravaginal device containing 1.9 g of progesterone (EAZI-BREED   TM   CIDR   ® , InterAg, Hamilton, New Zealand) on the 6th day after the onset of estrus and injected i.m. twice daily in decreasing doses over 4 consecutive days during the midluteal phase (initiated 10 to 13 days after estrus) with gonadotropin comprising a total dose of 400 mg FSH (Folltropin-V, Bioniche Animal Health Canada Inc., Belleville, ON, Canada). On the third day (approximately 60 hr after the start of treatment), animals were injected with prostaglandin F 2α (PGF 2α ; Lutalyse, Pfizer, NY, U.S.A.) to induce regression of the corpus luteum. Approximately 60 and 72 hr after the PGF 2α injection, recipients were inseminated with frozen-thawed semen from proven Holstein sires.
Embryos were recovered nonsurgically 7.5 days after the onset of estrus using a 3-way catheter (IMV, L'Aigle, France). For this purpose, both uterine horns were flushed with prewarmed lactated Ringer's solution (HS, CJ Pharma, Seoul, Korea) that was first supplemented with 1% calf serum (CS, Invitrogen, Carlsbad, CA, U.S.A.) and 1% kanamycin and then adjusted to 290 mOsm and pH 7.4. The embryos were located under a stereomicroscope and immediately placed into holding medium consisting of Hepesbuffered TCM 199 supplemented with 0.3% BSA and 1% penicillin-streptomycin (v/v).
Embryo evaluation: Embryos were evaluated at 60 under a stereomicroscope and then placed in Hepes-buffered TCM 199 containing 0.3% BSA and maintained at ambient temperature (around 20C). Embryos designated for fresh transfer were held for 1 to 4 hr prior to transfer. Embryos to be frozen were held for 1 to 2 hr prior to freezing. Embryos were evaluated for stage of embryonic development and grade of quality [27] .
Cryopreservation of embryos: All embryos were frozen in 0.25-ml plastic straws. Embryos were equilibrated for 10 to 20 min at ambient temperature (around 20C) in a freezing medium by substituting choline chloride for sodium chloride and adding 1.5 M ethylene glycol, 0.1 M sucrose and 0.4% BSA (AlbuMAX ® I, Invitrogen, Carlsbad, CA, U.S.A.). Following equilibration, the straws were placed in a programmable freezer maintained at -6C and seeded within one min. The straws were held at seeding temperature for 10 min and then cooled at -0.3C per min to -32C, before being plunged into liquid nitrogen for storage in a portable embryo freezer (CL5500, CryoLogic, Victoria, Australia).
Embryo transfer and pregnancy diagnosis: Because a substantial number of embryos were still stored in their owner's liquid nitrogen tank at the time of ER, the number of embryos transferred (n=585) was less than half of the total number of embryos produced (n=1,807). Young, healthy Holstein heifers showing estrus cyclicity were used as recipients (body weight over 350 kg). The animals were synchronized using a controlled internal drug release (CIDR) device combined with a single IM dose of 25 mg PGF 2α at 7 days after CIDR insertion and CIDR withdrawal the next day. After heat estrus was detected (Day 0), embryos at stage codes 4, 5, 6 and 7 were transcervically transferred into the middle uterine horn of Holstein heifers using an ET syringe (IMV, L'Aigle, France) on days 6.5, 7.0, 7.5 and 8.0, respectively. Before ET, the existence of a corpus luteum was detected by rectal palpation, and the embryos were transferred ipsilaterally.
For pregnancy diagnosis, cows with nonreturn to estrus after ET were initially selected and subsequently confirmed by rectal palpation at approximately days 50-60 of gestation. Pregnancy rate was defined as the pregnant/transferred ratio. Calving rate was defined as the proportion of calves born/recipient cows. Calving was registered on the birth date.
Data collection and statistical analysis: From each donor cow, the following data per ER were recorded: 1) registration number, 2) date of birth, 3) parity, 4) date of last parturition and 5) the number of days since the previous ER if the donor had previously been subjected to ER. In addition, for lactating Holstein cows, the average daily milk, milk fat and milk protein production during the month preceding ER were recorded. Data about the ratio of milk protein (MP; %) to milk fat (MF; %) (P/F ratio), milk urea nitrogen (MUN) value and yield performance of calves derived from ER were collected from the website database of the Korean Dairy Cattle Improvement Center (http://rd.dcic.co.kr). In addition, the interval (days) of artificial insemination after ER was obtained from the Korea Animal Improvement Association (http://www.aiak.or.kr).
Values for viability of recovered embryo variants were subjected to the generalized linear model (GLM) of the Statistical Analysis System (SAS). Meanwhile, a one-way analysis of variance (ANOVA) was used to analyze differences in quantitative data, e.g., transferable embryos (TE) results, whereas Chi-square analysis was applied to pregnancy rate. TE numbers are expressed as least squares means ± standard error of the mean (SEM). The level of significance was P<0.05.
Experimental design: For comparison of ER results (n=284) and the selection of high efficiency donor, donor cows were divided into three groups depending on how many TEs were produced: 1) 0 to 4 TEs (group 1), 2) 5 to 9 TEs (group 2) and 3) over 10 TEs (group 3).
In experiment 1, to investigate the influence of conventional parameters on ER efficiency, TE numbers were examined according to donor parity, milk production, postparturient day and season. In addition, the mean value of conventional parameters in each group was calculated.
In experiment 2, the relationship between milk recording data of lactating donor cows and TE numbers was investigated. Firstly, the influence of P/F ratio on TE numbers was examined. The results were analyzed according to the sum of MP and MF (P + F), which made use of the standard for intake of dry matter in lactating cows: 1) P + F was 6.5 and above (P + F 6.5) or 2) less than 6.5 (P + F < 6.5). Also, the effect of the MUN value in the milk recording data on TE numbers was checked. The results were divided according to the variance of MP: 1) MP was less than 3.0 (MP < 3.0), 2) above 3.0 and less than 3.2 (3.0 MP < 3.2) or 3) 3.2 and above (MP  3.2). In addition, the mean value of the P/ F ratio and MUN in each group was calculated.
In experiment 3, the pregnancy rates after ET according to embryo type, stage code and quality code were compared, respectively. After MOET, the donor cows were checked when they had been inseminated for an induction of the next parity. As a means of verifying offspring dairy performance, milk yield data (kg/305 days) were compared to those of donor cows.
RESULTS
Results of the ERs are enumerated (data not shown). A total of 2,839 embryos from 242 donors were recovered through 284 ERs, and 1,807 embryos were transferable. The mean numbers of recovered embryos and TEs were 10.0 and 6.3, respectively. The distribution of TEs after ER was assessed according to embryo developmental stage code and embryo quality code (data not shown). The TEs were almost evenly distributed in the range of stage codes 4 to 7 (20.0 to 28.5%) except for embryos of codes 3 and 8 (2.1 and 0.8%, respectively). However, the quality code for TEs was mostly 1 (93.5%).
The ratio of donor cow and TE numbers is described in view of divided groups. Donor cows of Group 3 (23.6%) produced 56.9% of the total TEs (data not shown). The viability of recovered embryos was determined within the groups. The ratios of viable embryos from Group 2 and 3 cows were significantly higher (75. 4 Table 3 ). In addition, the numbers of TEs were not altered by season (P>0.05, Table 4 ).
Experiment 2. Influence of milk recordings on embryo recovery: Mean values of P/F ratio and MUN are summarized (data not shown); no significant difference among groups was found. The number of TEs in donor cows in which the P/F ratio was over 0.95 (8.2 ± 1.1) was significantly higher (P< 0.05) than in cows in which the P/F ratio was between 0.85 and 0.95 (4.8 ± 0.8; Table 5 ). However, there was no difference in the mean value of the P/F ratio between groups. TEs according to the sum of milk protein and fat are shown in Table 6 . When the sum of MP and MF was over 6.5, the number of TEs in the donor cows with a P/ F ratio over 0.95 (11.5) was significantly higher (P< 0.05) than in cows with a P/F ratio under 0.85 or between 0.85 and 0.95 (6.0 and 5.8, respectively). There was no difference in the number of TEs when the sum of MP and MF was under 6.5. The number (7.4) of TEs in the donor cows in which the MUN was between 12 and 18 was significantly higher (P< 0.05) than that in the cows with a MUN over 18 (4.6; Table 7 ). However, there was no difference in MUN between groups. TEs according to the MUN in terms of milk protein are shown in embryo type are summarized in Table 9 . Among a total of 585 recipients, 339 were confirmed to be pregnant at day 60 (57.9%). The pregnancy rates with fresh and frozen-thawed embryos were not significantly different (60.6 and 53.9%, respectively). Embryo developmental stage codes between 4 and 7 (Table 10 ) and between 1 and 2 (Table 11) did not influence pregnancy rates after ET. After ER, the donor cows were checked for how many days were needed between ER and service for the next parity (data not shown). The mean interval from ER to AI was 60.6 days, and ER was conducted in 58% of the donors within the normal range, 3 estrus cycles after ER, for subsequent fertility.
From the total of 139 recipients that conceived after ET, 123 calves were born; there were 16 abortions and stillbirth. The sex ratios were 56.1% male (n=69) and 43.9% female (n=54). Nineteen offspring for which milk yield production data were recorded were compared to their donor cows (Table 12 ). The 305-d milk yield performance of offspring was similar to that of donors.
DISCUSSION
It is said that wide variability in the superstimulatory response of a donor cow to MOET remains an enigma and a major limitation in the profitable and efficient implementa- tion of embryo technology in cattle [18, 19] . It was suggested [34] that the superovulatory response is not a heritable trait, that a future response cannot be predicted by a previous response and that ''environmental'' factors play a large role in the variability in the superovulatory response. Therefore, knowledge that will permit selection of donor cows for optimal response and estimation of the superstimulatory response of individual donors is particularly meaningful for practical aspects. The results of this study demonstrated that whereas conventional parameters (donor parity, milk production, postparturient day and season) did 
Within a row, values with different superscript letters are different (P<0.05). Transferable embryo numbers are expressed as least squares means  SEM. * Group 1: 0 to 4 transferable embryos. Group 2: 5 to 9 transferable embryos. Group 3: over 10 transferable embryos. ** MP: milk protein (%). MUN: milk urea nitrogen (dl/ml). not influence ERs or TEs, milk recording data (P/F ratio and MUN) could be criteria for choosing donors that respond well to the superstimulatory protocol. Firstly, in order to investigate the efficiency of ERs in cows, the conventional parameters were analyzed for their effects on ERs or TEs. Mean values of donor parity, milk production and postparturient day after ER were not statistically different among the groups. Increasing parity did not affect ERs or TEs as in previous studies [9, 12, 22] , even though a large-scale parity analysis could not be done in Korea. Milk yield was not related to the production of TEs. Consistent with previous results [21] , the genetic and phenotypic correlations between lactation milk yield and TEs were very low. It was reported that the number of recovered embryos was significantly decreased when number of postparturient days of donor cows was higher (over 461 days) [17] , but in the present study, the number of TEs was not altered by postparturient day. Moreover, the season when ER was conducted in this study had no significant effect on the production of TEs, but other studies of the effect of season on the superovulatory response of cattle have yielded conflicting results. While some researchers [15, 22] have reported an influence of season on superovulatory response, others [25, 28] did not find a consistent effect of season on ovarian response. Therefore, it is suggested that the conventional parameters did not influence the superovulatory response and that they could not be used as indicators of donor selection in Korean Holstein cattle.
In a previous study, genetic and phenotypic correlations among traits related to ET and the percentages of fat and protein were near zero [21] , except for degenerated embryos. An increase in degenerated embryos with increasing fat percentage was also found by the researchers, who suggested that insufficient energy intake might be a contributing factor [21] . Milk protein content, coupled with MUN levels, is related to energy balance and is a more accurate predictor of ET traits than protein content alone [35] . Also, previous studies clearly demonstrated that dairy cattle fed high protein diets had lower conception rates [6] in association with an elevated plasma urea nitrogen (PUN) concentration. It was also demonstrated [4] that the percentage of fertilized and transferable embryos collected from superovulated cows was greater for cows fed a lower level of degradable intake protein compared with cows fed excess rumen degradable protein. Based on these previous reports, it seems that milk recording data (P/F ratio and MUN) could not only indicate whether an adequate energy-protein balance was being supplied to superovulated cows in the early postpartum period, but also could be a parameter affecting production of embryos after ER. The number of TEs was significantly increased when the P/F ratio was over 0.95 and/or the sum of MP and MF was over 6.5, indicating the elevation of milk protein. The findings when the sum of MP and MF was under 6.5 are not statistically significant because of the limited number of ERs in this study. A larger-scale study is therefore needed in order to verify the results observed here. In addition, when the milk protein was over 3.2, the number of TEs in donor cows with MUN between 12 and 18 was significantly higher than that of other donor cows. This finding is similar to the result of a study [10] showing that the decreased uterine pH derived from feeding of excess protein had a detrimental effect on embryo production. Because there are few reports about the co-relationship between milk recording data and the number of TEs, additional experiments are required to validate the results observed in this study. Therefore, it is proposed that the P/F ratio and/or MUN considering milk protein could be used as indicators for donor selection and applied to controlling the point of time for ER according to analysis of the donor's energy intake condition.
Spell et al. found that when embryos experience addi- tional external stress, such as freezing and thawing, the result is a decreased embryo survival rate [30] . Their finding of a decrease in pregnancy rate from 83% with fresh embryos to 69% with frozen-thawed embryos is similar to the 10 to 15% decrease in pregnancy rates reported previously [31] . However, in the present study, there was no significant difference in pregnancy rate (below 7%) according to embryo type. It was shown in a previous report [23] that the difference was caused by the properties of the freezing medium and played an important role in improvement of pregnancy rate after ET and increasing the practice of ET in the domestic field in Korea. Recently, very effective synchronization protocols involving the use of a progesterone releasing insert (e.g., CIDR) have been developed [5] . It is also noteworthy that progesterone releasing inserts will more consistently synchronize recipients within ± 24 hr of donors than prostaglandin F 2α . When asynchrony is much beyond ± 24 hr, recipient conception rates following ET are reduced [14] . An additional report [13] shows that embryo quality influences pregnancy rates, but the stage of TEs, ranging from late morulae (stage code 4) to expanded blastocysts (stage code 7), did not affect pregnancy rates. Previous reports [8, 14] noted a decrease in pregnancy rate with each corresponding decrease in quality score. The results in the present study show no difference in pregnancy rates among domestic Holstein heifers receiving embryos with a range of developmental stages (code 4 to 7) and quality grades (code 1 to 2). It is suggested that the reason for the contrasting embryo quality results in this study with those of previous researchers is that selection of transferable embryos was strictly made and induction of estrus synchronization was suitable for ET in Holstein heifers. Any effect of superovulation on the donor's subsequent fertility and breeding performance is also important. Except for a natural prolongation of the calving interval due to the time needed for treatment, no adverse effects have been described in studies of cows [2] . The average interval from embryo recovery to conception after insemination is approximately 60 days [7] . In the present study, the mean interval was 60.6 days, within the normal range. This suggests that the ER procedure used here, which consisted of low stimulation of the endometrium, injection of chlorhexidine into the uterine horn immediately after ER and PGF 2α treatment for lysis of the corpus luteum, was effective for supporting subsequent fertility of the donor. Meanwhile, the ultimate goal of MOET is the effect on herd improvement, which could be manifested as increased production of offspring derived from the donors, and this would be supported from the results of this study showing that a large number of offspring (n=123; over 28 months old) were born. Although only a small number of offspring (n=19) could be compared to donors because of the limited participating dairy herd improvement program in Korea, the 305-d milk yield performance of these offspring was similar to that of donors. A larger-scale MOET study is needed in order to verify the results derived here.
In conclusion, this study showed that in elite Holstein cows, embryos were recovered and transferred and resulted in production of viable calves. Furthermore, to establish the MOET system in Korea, specifically to select efficient donor cows, conventional parameters were examined, but there were no differences. However, the P/F ratio and MUN obtained from milk recording data could be candidate indicators for selection of donor cows. Also, pregnancy rates from transfer of the TEs, interval days from embryo recovery to artificial insemination for a donor's subsequent fertility and milk yield performance of offspring derived from donors were all meaningful parameters for the establishment of a commercial MOET system in domestic Holstein cattle. Expansion of the numbers of elite cows through MOET will contribute to enhancement of commercial ET technology and herd improvement in the domestic dairy industry.
